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SUMMARY

A reviewofthedataexistingintheliteraturewascompletedand
thenexperimentalmeasurementsweremadeinorderto obtainthephysical
propertiesofwhitefumingnitricacid. Thee~erimentalmeasurements
were~de overthetemperaturerangefromapproximately-3’j0 F to 300°F.

Inthehigh-temperaturerange(above250°F) theacidwas ina state
ofthermodynamicequilibrium;consequently,thesedatadonotapplyin
thecaseofmostheat-transferoperationswhichusuallydo notallowsuf-
ficienttimeforthermodynamicequilibriumtobe established.

Withtheexceptionof thevapor
composition)thephysicalproperties
5 percentoverthetemperaturerange

pressme(andof
areknownwithin
to 300°F.

INTRODUCTION

Themainobjectofthis
of thethermalpropertiesof

coursetheacid
approximately

investigationwasto obtainreliablevalues
concentratednitricacidfor

latingthe&ta obtainedinheat-transferresearchandin
characteristicsinvestigations.

Commerciallyavailablewhitefumingnitricacidwith

usein corre-
fluid-friction-

notmorethan
2 percentwatercontentwasspecifiedasthetypeofacidwhichwasto
be studied.Acidsolutionsof thefollowingcompositions,inpercentby
weight,werestydiedinthisinvestigation:

HN03 N02 H20

97.35 “ 1.57 1.08

94.0 “5.0 1.0

99.01 .46 .53
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Thespecifications
sxeas fo~ows:

Specificgravity.
Weightfractionof
Weightfractionof
Weightfractionof

NACATN2970

forthecommercialgradeofwhitefumingnitricacid !.

. . . . . . . . . . . . . . . . . . 1.48to 1.50 “
tio3 . . . . . . . . . . . . . . . . 0.857to0.945
N02. . . . . . . . . . . . . . . . . 0
H20. . . . . . . . . . . . . . . . . 0.055to0.lk3

A reviewoftheexistingliteraturewasconducted(seerefs.1 to32)
andwheredatawerelackingthephysicalconstantsweredeterminedexperi-
mentally.Itwasconsidereddesirableto obtaindataon thethermalcon-
ductivity,thermalcapacity,viscosity,density,andvaporpressureofthe
liquidphaseoverthetemperaturersagefromapproximately-35°to 300° F.
Theexactrangesusedwereas follows:

Physicalproperty Temperaturerangeof
investigation,OF

Thermalconductivity -h7.2 tO 122
-c viscosity -34.6 to 300
Specificheat 32 to 80
Density -35 to 300
Vaporpressure 32 to 310

Whitefumingnitricaciddecomposesevenat 32°F; however,attem-
peraturesabove250°F thedecompositionisveryrapid.Itwouldbe
desirabletomakeallphysical-propertymeasurementswithina veryshort
timeinterval- oftheorderofa second.Thermal-propertydetermina-
tionsusuallyrequire- minutesorevenhoursforaccuratemeasure-
ments.Intheseexperimentsonlythevapor-pressuremeasurementswere
carriedoutina timeintervalofa fewminutes.

Thisinvestigation,conductedintheMechanicalEngineering
LaboratoriesatPurdueUniversi@,wassponsoredby andconductedwith
thefinamcialassistanceoftheNationalAdvisoryCommittee

APPARATUSANDMETHODSOF~

forAeronautics.

Thethermalconductivityofwhitefumingnitricacidwasdetermined
witha concentric-cylinder,steady-statetypeofapparatus(refs.2, 9,
and14). Theapparatuswasplaceddirectlyintheconstant-temperature
bathfluid.Thetemperaturedropacrosstheliquidlayerwasmeasured
withcalibratedthermistors.

I
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The”dynamicviscosityofwhitefumingnitricacidwasmeasured

a modifiedOswaldviscometeroverthetemperaturerangefrom-~4.6°

3

with

to 32° F. A Lawaczeck,or falling-cylinder,viscomet&wasus~dover
thetemperaturerangefrom71.6° to 300°F. Thesesecondaryinstruments
werecalibratedwithwaterandcarbontetrachloride(ref.10).

ThePurduemeasurementsof specificheatweremadewitha nonflow,
bellowstypeof calorimeterwhichhadbeendevelopedforusewithvola-
tileliquids.

A sealed-flaskpycnometerwas-usedina liquidconstant-temperature
bathto determinethedensityoftheliquidwhitefundngnitricacidin
thetemperaturerangefrom-35°to 100°F. A pycnometermde froma
selected

T
extube(2-mminsidediameter,8-mmoutsidediameter,and

80 cmlong wasusedinan airbathforthetemperaturerangefromlOOO
ta 300°F.

A staticmethodwasusedformeasuringthevaporpressureofwhite
fumingnitricacid.A SmithandMenziesisoteniscopewasusedinthe
temperaturerangefrom3Z0to 190°F. Vapor-pressurehotisof @ass,
H.S.25 (L605)alloy,andstainlesssteel(AISIType347)wereusedin
thetemperaturera~e from200°to300°F.

RESULTS

Therecommendedpropertiesofwhitefumingnitric
intablesI andIIandfigures1 to 7.

Theabsoluteaccuracyofthethermal-conductivity

acidaregiven

measurementswas
about5 percent(upto 122°F). Theextrapolationof-thesedatato 300°F
isprobablyof thesameorderof accuracy.

Themaximumerrorsintheviscositymeas~ementswereoftheorder
of 5 percentat 300°F. Theerrorsat roomtemperaturewerelessthan
1 percent.

Sincemostofthespecific-heatvaluesweretakenfromthelitera-
turetheaccuracyisunknown.Apparentlytheerrorsaresomewhatless
than5 percentovertheentiretemperaturerange.

Thedensitydeterminationswerewithinam accuracyof 0.2percent
intheregionbelow100°F. At 300°F themaximumerrormighthavebeen
asmuchas 4 percent.

Thevaporpressureofnitricacidbelow600Chasbeenaccurately
determined.Inthetemperaturersmgeabove90° Cthevaporpressure

-—.— ——— — —–- .—.— — .—= -—
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maywiryby morethana factorof 10atanytemperaturedependinguponthe
vayor-to-l.iquidvolumeratio;vaporpressuresgreaterthan1,000lb/sqin.
mayreadily_beobtainedU thevapor-to-liquidvolumeratioislessthan
10percent.Highervaporpressureswereobservedinglassapparatusthan o
inmetalapparatus.At 300°F theequilibriumstatewasattatiedinthe
orderof 1 mhute (depend@ ontheVapor-to-liqyidvolumeratio).

High-purityalminw andH.S..~ (L605 ) weresatisfactorymate-
rialsforusewithnitricacid.Kel-Fsolids,greases,waxes,andoils;
fluorolfies;andTeflonwerealsosatisfactorymaterials.

ANALYSISANDDISCUSSION

Thevariablemcmtdifficultto controlinthisinvestigationwas
thecompositionoftheacid. Twolitersof comercialacidweretaken
froma stainless-steeltankwhichcontainedabout100gallonsofacid.
The2-literglasssamplebottlewasmaintainedatroomtemperature;
however,theconcpositionoftheacidsamplechangedastheliquidvolume
waOdecreased.Thecommercialacidcontainednickelandchromiumcom-
poundsaswellastheoriginaldecompositionproducts.Theequilibrium
liquid-phasecompositionwasa functionofthetemperature,pressure,
andliquid-vaporvohxneratio.

Theanalyticalmethodswerenotsufficientlyaccurateto specify
thecompositionoftheliqyidphase.As an exemple,theviscosityand
vaporpressureweremeasuredat 3000F andapproximately1,500lb/sqin.
Attemptsto obtainrepresentativeliquidsamplesat 3000F and
1,500Ib/sqin.werenotsuccessful.Whentheacidwascooledtoroom
temperaturethenthel.iqtid-phasecompositionchangedbecauseofthe
changeofgassohibilitiestitheliquidandthechangeofpartialpres.
suresb thegasphase.

InitialJ.ya HoepplerPrecisionViscosimeter(accuracyofbetterthan
0.1percent)wasusedforthetiscositymeasurements.Viscositychanges
as geat as 1 percentoccurredina 10-hourperiodat 100°F;however,
thechemicalana@is indicatedno changein composition.Thenitric
acidshowedappreciabledecompositionattemperaturesabove100°F;
therefore,theacidssmpleswereheldatthehightemperaturesonlyfor
a ~um periodoftime.At temperaturesabove250°F theI.iqtidphase
wasprobablyinthermodynamiceqdl.ibrimn;whileatteqeraturesbelow
250°F theexactconditionsarenot@oh.

Theviscosityof acid(above200°F)withlessthan2 percentwater
isnota sensitivefunctionoftheN02contentintherangefrom1 to
5 percentN02;consequently,thedegreeof completionofaciddecomposi-
tionisnotof greatiqortance. !

.
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Thestraight
probablevalueof

lineinfigure1 is consideredas
thethermalconductivityofwhite

representingthe
fumingnitricacid

~th an accuracyof~5percent.Themxi&nndispersionoftheexperi-
mentalmeasurementsfromtherecormnendedvaluesina 1000F ramge-was
lessthan2.4 percent.Thisdispersionwaspsrtlydueto thechangein
acidcomposition.Thevaluesreportedby VanderHeldandVanDrunen
(ref.3)wereobtainedby an interestingunsteady-statemethodandare
ofthecorrectorderofmagnitude:Valuesreportedinreference3 for
othercompoundsdifferasmuchas 14percentfromtheacceptedvaluesof
thermalconductivity.Theprimarymeasurementsofthethermalconduc-
tivityofwatermadeatPurduewerewithin1.6 percentof theaccepted
values.Otherdataon solutionsofNaCl,KC1,MgC12,andCaC12 showa
lineartemperaturecoefficientofthermalconductivityovera temperature
rangegreaterthan100°F; consequently,a linearetirapolationfornitric
acid(constantcomposition)appearstobe reasonable.

Thespecificheatofwhitefumingnitricacidhasbeenmeasuredly
a numberof investigatorsoverthetemperaturerangefrom-40°to 300°F
(refs.19,20,and31,p. 572). Thevaluesforpureacidat 320F (where
thecompositioncanbe accurateQknown)differasmuchas6 percent.
Thisdisagreementisdifficultto explain;however,itisprobablydue
todifferentacidcompositions.Acidsofvariouscompositionsshowedthe
samespecific-heatvalueatabout90°F. ForthesystemHNO~-~0the

specificheatisa linearfunctionof thewatercontentandsmountsto
overa 2 percentincreaseinthespecificheatperweightpercentofwater.

Thedensitydataasreportedby a nuder of investigatorsarein
qualitativeagreementat 100°F; however,thetemperaturecoefficientsof
someof thedatareportedshowwidevariationsat 0°and200°F. Water
additionsdecreasethedensityof nitricacidwhileN02increasesthe
density.

Thekineticsof thedeconqxxitionof nitricacidhavenotbeencom-
pletelyestablished.Apparentlythepureaciddecomposesas follows:

4m03= 4N02+ 2H20+ 02

Theseproductsarenottheendproductsofthedecompositionof
commercialnitricacidina metalcontainer.Thedecompositionproducts
havedensityeffectswhichopposeeachother;however,theN02sadH20
arenotformedinequalamountsandtheirdistributionbetweentheliquid

,, andvaporphaseisunknown. .

# ..
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Thevaporpressuresofnitric-acidsolutionshavebeenmeasuredover
thetemperaturerangefrom-30°to 300°F. Excellentdataareavailable
up to 140°F. Approximatevaluesofvaporpressureareavailableinthe
temperaturerangefromlkOOto 200°F. Thevaporpressureinthetem-
peratureramgeabove200°F wasa sensitivefunctionofthevapor-liquid
volumeratioandthematerialofthecontainer.

CONCLUDINGREIW3KS

Therecommendedvaluesofthephysicalpropertiesofwhitefuming
nitricacid(lessthan2 percentwater)aregivenforthetemperature
rangePromapproximately-35°to300°F. Valuesaregivenforthethermal
conductivity,dynamicviscosity,specificheat,density,andvaporpres-
surebasedondataobtainedfroma reviewoftheliteratureandfrom
experhnentalmeasurements.

AIJacidanalysesweremadeatroomtemperatureandarenotindicative
ofthecompositionat temperaturesabove200°F.

PurdueUniversity,
Lafayette,Ind.,December1,lg51.

I
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molmmamllPRomm!ms OFNITRICAC@

-=-
ture, conductivity,
OF Btu/(hr)(sqft)(m/ft)

-30 0.145
.lm

$ .157’
lm .ti6
lW .1

1?.13
250 .191
~co .199

viscosity,
centipoises

2.46
1.73
1.08
.726
.525
.397
.314
.254 I

0.423 1.617
.423 1.5%7
.423 1.537
.b23 ;.~
.423
.bd+ l:3m
.129 1.337
.456 I.290

0.0590
.d+23
.0273
.Ol@
.0142
.Oul
.00908
.00763

17.35
1.I.81

;:Z
3.07
2.23
1.-/7-
1.35

tempera-
ture,
o~

-34.3
-17.8
10
37.8
65.6
93.3

I-21.l
ti8.9

%ontains95 to 97.5 percentby weightofHN% andlessthsa2 percentbyweight
of H20 .
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VAPORPR.F9SUBXOFNITRICAC~a

Temperature,
OF

;:
g

104
I-22
158
176
194
212

Vaporpressure,mm ofHg,of -

lW)percent
HNq

(b)

14.4
26.6
g.;

133“
208
%7
%70
937

%,2&

(c)

5.5
u
20
37.3
64.4

107
242
354
Wk
710

Temperature,
o~

%rder of 50 to 10Qpercentrelativevaporvolm. ~
?Oatatakenfromreference28,
cDatitaken from reference 22.

%rimapdated values.

P
P
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Figure1.-Recommendedvaluesofthermalconductivityofnitricacid.
Datatakenfromreference2 forwhitefumingnitricacidwithcom-
position(inpercentby weight)of: HIJ03,99.01;N02,O.46;H@, 0.53.
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Figure 2.- Reccmmmnded valuea of viscosity of nitric acid. Data taken
from reference lo for white fuming nitric acid with cmirpoaition(in
percent by weight) of: ~3, 97.37; ~2, 1.57; H@, 1.08.Density
at0° C, 1.575%gramapercubiccenttiter.
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Figure 3.- Recmmuended values of apecific heat of white fuming nitric
acid containing $5 to 97.5 percent HNc+j. (IM.a frcm refs. 19,20,
and31.)
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] - 4.- Recommenced values of density of nitric-acid solutions.
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Figure ~.- Vapa preBsure of concentrated nitric acid.
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Figure 6.- Recommended values of Prandtl mxlulus of nitric acid. Cam-
pcmition of acid (in percent by weight): HH03, 97.35; N02, 1.57;

QO, 1.o8.
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